Introduction
The requirement for a Material Safety Data Sheet (MSDS) for shipment of hazardous materials necessitates an identification of the composition of items that are to be shipped. Shipment of batteries is no exception. Provision of MSDS ' s for each individual chemical used to make up the battery without regard to how much of each substance is present may not be acceptable. The only safe way to assure that the MSDS provided is acceptable is to identify every significant chemical component in the battery as well as the quantity of each material.
For the thermal battery in question this included the anode, cathode, electrolyte, heat pellets, heat paper, insulator disks, mica disks and steel case.
A variety of analytical methods were used to identify and determine quantities of components present.
Teardown
Components such as the lithium anode and the lithium chloride/potassium chloride electrolyte were sensitive to moisture. The heat pellets were affected by moisture and oxygen.
A controlled atmosphere chamber was used f o r breakdown of the thermal battery. An analytical balance was placed inside the chamber €or accurate weighing of samples in preparation for chemical analysis. The chamber was purged with argon and moisture levels were less than two parts per million (ppm), Oxygen levels were between 100 and 400 ppm. The thermal battery was of typical size and easily held manually while a mototool could be manipulated to make a circumferential cut at one end. The U.S. Government work not protected by U.S. copyright in tLe thermal battery.
internal components were carefully lifted out and the parts were segregated and stored in the chamber until ready for analysis. Each anode assembly, cathode/electrolyte pellet, heat pellet and other individual components were weighed so that the total quantity would be known f o r the MSDS .
Chemical Analysis
The anode consisted of a metal grid, thin metal cup and the anode material.
The anode material was lithium and iron with traces of aluminum and manganese.
The anode material was mixed with water to convert the lithium into the hydroxide which was titrated with standardized hydrochloric acid. This is the standard method used for determining KOH in battery electrolyte from silver-zinc, nickel-cadmium, nickelhydrogen and other batteries using KOH electrolyte. The method allows for carbonate and total alkalinity as well as the hydroxide. ' The iron was filtered onto absorbent cotton and then determined by reduction with zinc and titration with potassium permanganate.* The details of the iron method are included later in this paper. The amount of iron and lithium in the anode composition was typical €or thermal batteries.
The cathode and electrolyte powders, as removed from the thermal battery, were pressed together and could not be separated. The methods of analysis used to sort out the identity ana quantity of each component in the cathode/electrolyte wafers were wet chemistry, x-ray diffraction and inductively coupled plasma spectroscopy (ICP) .
X-ray diffraction was used to identify the components in the cathode and electrolyte.
The cathode was iron disulfide, FeS,, which is the mineral iron pyrite. The electrolyte was lithium chloride, potassium chloride and magnesium oxide. One other element of significant quantity was detected by ICP. That element was calcium, presumably pr'esent as the oxide.
The chloride quantitywas determined by dissolvingthe sample in water, filtering out the insolubles and titrating with silver nitrate solution. The ICP provided the quantities of lithium, potassium, magnesium and calcium.
Lithium and potassium were calculated as chlorides using the titration and ICP data. Magnesium and calcium were calculated as oxides.
Iron and sulfur in the iron disulfide were both determined by wet chemical methods. A method was found for determining sulfur in pyrite The iron was recovered as a ferric hydroxide (Fe (OH) 3 ) precipitate and was dissolved in hydrochloric acid followed by reduction and then titration with potassium permanganate. The sulfur was converted to sulfate by action of bromine and concentrated nitric acid.
The sulfate was precipitated with barium chloride solution and weighed as barium sulfate.
The insoluble encountered during the pyrite procedure was filtered, dried and analyzed by x-ray diffraction. It was silicon dioxide, a constituent expected in pyrite ore.
The cathode composition amounted to 8 9 . 4 % FeS, and 1 0 . 6 % SiO,. The electrolyte contained slightly more KC1 than LiC1. Both salts together amounted to 5 4 % of the total electrolyte composition. The remainder was MgO with less than 0.5% CaO.
The heat pellets were composed of potassium perchlorate, KClO The heat paper quantity in the thermal battery amounted to one gram. The composition was barium chromate, zirconiumand ceramic/asbestos fibers. A typical value for the ceramic and asbestos fibers is 10% of the total composition.* Zirconium is very slightly soluble and there is no easy method for determining the zirconium in elemental form; therefore it was felt that the 10% value for the fibers and determination of the chromate could be used to obtain a result for zirconium by difference. The chromate was determined by titration of the iodine liberated with sodium thiosulfate.' A number of reactions take place for this determination. They appear below. The insulating and mica disks were identified by x-ray diffraction and emission spectroscopy. The mica disk was verified as muscovite, a mineral in the mica group, by x-ray diffraction. Emission spectrographic analysis showed aluminum, silicon and magnesium as the major elements. Aluminum and silicon are the main elements in mica. Other base metals can occur in certain minerals of t h e mica group. X-ray powder cameras were utilized for the identification o f the insulating disks. 
